This paper estimates a trivariate VAR-GARCH(1,1) model to examine volatility linkages between the stock markets of three Central and Eastern European countries (CEECs), namely the Czech Republic, Hungary and Poland. The empirical .findings suggest that following the EU accession regional linkages have become even stronger, and that therefore portfolio diversification within the region has become an even less effective investment strategy. This can be plausibly interpreted as reflecting deeper integration with the "old" EU economies, and has important implications for appropriate policy responses to shocks originating in those countries and affecting the .financial stability of the CEECs.
I. Introduction
This paper estimates a tri-variate VAR-GARCH(1,1) model to examine linkages between the equity markets of three Central and Eastern European countries (CEECs), namely the Czech Republic, Hungary, and Poland. These three particular CEECs were chosen as the ones having the highest market capitalisation in the region. Moreover, as pointed out by Hanousek and Kocenda (2011) , all three of them have a substantial presence of EU investors in their stock markets (and strong trade links with the rest of the EU), which makes them particularly susceptible to financial spillovers (as well as the effects of macroeconomic news announcements) from the developed EU countries. Therefore, an interesting issue to investigate is whether, following their accession into the EU in May 2004, linkages between these three CEECs have become even stronger, which could be interpreted as the result of deeper integration with the "old" EU economies, with developments in those countries becoming an even more important common factor driving stock markets in the CEECs.
The degree of integration of financial markets is obviously an important topic owing to its implication for portfolio management strategies as well as financial stability. Although several empirical investigations have been carried out, only a few of them estimate GARCH models and distinguish clearly between interdependence and contagion (see, e.g., Kocenda, 2007, 2011) . Another exception is a recent study (see Caporale and Spagnolo, 2011 ) adopting a VAR-GARCH framework which is suitable to analyse interdependence by estimating volatility spillovers, and also possible shifts in the transmission of volatility following the EU accession in order to test for contagion (as defined in Caporale et al., 2005) . This was used to examine bilateral linkages between the CEECs and two countries outside the region, namely the UK and Russia, and evidence of stronger linkages with the UK in particular was found following the EU accession. As already mentioned, the present study focuses instead on linkages within Central and Eastern Europe itself, and asks the question whether spillovers within the region have increased after the EU accession, possibly as a result of a higher degree of integration with the rest of the EU and a stronger common influence of the "old" EU members.
1 The layout of the paper is the following.
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A related but separate issue is how asset prices in these stock markets react to macroeconomic announcements. Hanousek et al. (2009) Section II outlines the econometric modelling approach. Section III describes the data and presents the empirical findings. Section IV summarises the main .findings and offers some concluding remarks.
II. The Model
We model the joint process governing stock market return indices for the Czech Republic, Hungary and Poland using a tri-variate VAR-GARCH(1,1) framework.
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The model has the following specification:
(1) where x t = (Hun t , CzRep t , Pol t ) stands for each of the three country indices in turn. We control for monetary policy shocks by including in the mean equation the domestic 3-month interest rate, f t-1 = (HunInt t-1 , CzInt t-1 , PolInt t-1 ). Furthermore, exogenous shocks measured by US stock market returns, z t-1 = (USret t-1 ), are also included as a proxy for market globalisation. The residual vector u t = (e 1t , e 2t , e 3t ) is tri-variate and normally distributed u t | I t-1 ~ (0, H t ) with its corresponding conditional variance covariance matrix given by:
The parameter vector of the mean return equation (1) is defined by the constant α = (α 11 , α 22 , α 33 ), the autoregressive term, β = (β 11 , 0, 0 | 0, β 22 , 0 | 0, 0, β 33 ), the monetary policy variable δ = (δ 11 , 0, 0 | 0, δ 22 , 0 | 0, 0, δ 33 ) and the market globalisation variable γ = (γ 11 | γ 22 | γ 33 ). The parameter matrices for the variance Equation (2) are defined as C 0 , which is restricted to be upper triangular, and two unrestricted matrices A 11 and G 11 : The possible effects of the EU accession (May 2004) are captured by including a dummy variable (denoted by *) to model the shift in the transmission of volatility between stock markets (i.e., contagion). Therefore, the second moment will take the following form:
The model is based on the GARCH(1,1)-BEKK representation proposed by Engle and Kroner (1995) .
where (3) Equation (3) models the dynamic process of H t as a function of its own past values H t-1 and of past values of innovations (e 1,t-1 , e 2,t-1 , e 3,t-1 ), allowing for ownmarket and cross-market influences in the conditional variances. The BEKK model guarantees by construction that the covariance matrix in the system is positive definite.
III. Empirical Results
We use weekly data (from Datastream) for the Czech Republic, Hungary and Poland. Furthermore, we control for monetary policy and stock market globalisation using domestic interest rates (the 3-month Treasury Bill interest rate) and a proxy for the global stock market index (US stock market index) over the period 12/1/1996 -12/3/2008, for a total of 614 observations. The three CEECs under investigation have the biggest financial markets by market capitalisation in the region. We define weekly returns as logarithmic differences of stock indices. Weekly data are chosen to overcome the problem of asynchronous trading (with the US) which is present in the case of daily data and would bias some of the results. In order to test the adequacy of the models, Ljung.Box portmanteau tests were performed on the standardised and squared residuals. Overall, the results indicate that the VAR-GARCH(1,1) specification captures satisfactorily the persistence in returns and squared returns of all the three series considered.
3 The estimated own-market conditional variance coefficients are statistically significant and the estimates of g11 suggest a high degree of persistence. Cross-market dependence in variance varies in magnitude and sign across countries. The estimated VAR-GARCH(1,1) model with associated robust standard errors and likelihood function values are presented in Table 1 . Note that the sign in cross-market volatilities are not relevant. 
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Note: Standard errors (S.E.) are calculated using the quasi-maximum likelihood method of Bollerslev and Wooldridge (1992) , which is robust to the distribution of the underlying residuals. All parameters reported are statistically significant at 5%. LB (5) and LB 2 (5) are respectively the Ljung-Box test (1978) of significance of autocorrelations of five lags in the standardized and standardized squared residuals for Hungary, the Czech Republic and Poland. The covariance stationary condition is satisfied by all the estimated models, all the eigenvalues of being less than one in modulus. Note that in the conditional variance equation the sign of parameters is not relevant. Note that in the conditional variance equation the sign of the parameters is not relevant.
Wald tests are performed to test two sets of null hypotheses: (i) no volatility spillovers before the EU accession (interdependence); (ii) no shift in volatility spillovers after the EU accession (contagion). The tests statistics imply a rejection of the null hypothesis of no volatility spillovers (interdependence) for all countries but from Poland into Hungary (a 32 = g 32 = 0). Moreover, there is evidence of contagion post EU accession with the null of no shift being rejected in all cases but one (a* 32 = g* 32 = 0).
The results reported in Table 1 suggest the following. 4 First, the coefficient (in absolute value) is largest for the spillovers from Hungary to the Czech Republic, being equal to 0.1871, and from the Czech Republic to Poland, a 32 = -0.1897. Interestingly, the spillover effects increase after the EU accession. In particular, volatility in the stock market of the Czech Republic seems to affect strongly the markets in Hungary and Poland, the corresponding coefficients being equal to 2.635 (a 21 + a* 21 ) and 0.8712 (a 23 + a* 23 ) respectively. Contagion running from Hungary to the Czech Republic and Poland is also statistically significant, albeit smaller in magnitude, and equal to 0.2763 (a 12 + a* 12 ) and 0.1404 (a 13 + a* 13 ) respectively. By contrast, the magnitude of the spillovers from Poland to Hungary is not affected by the EU accession and it remains equal to 0.1754. Also, the exogenous variables considered are statistically significant for all three CEECs, the estimated coefficients indicating a negative δ (TBill interest rate) and positive γ (US stock returns) effect, as one would expect.
IV. Conclusions
This paper has analysed financial linkages between three CEEC countries (the Czech Republic, Hungary and Poland) using a VAR-GARCH(1,1) framework. The estimated model allows distinguishing between interdependence and contagion in the form of possible effects of the EU accession on existing volatility spillovers. Whether regional financial integration has increased after May 2004 is an interesting question, as a positive finding could be plausibly interpreted as reflecting an even more significant common influence of the stock markets of the "old" EU countries. Overall, the empirical analysis provides evidence of substantial shifts in the spillover parameters after the EU accession; indeed, regional linkages appear to have become even stronger. This result is consistent with those of 4 These results, not significant at the standard 5% significance level, are not reported. Hanousek and Kocenda (2011) , who, using intra-day data for the same three CEECs, found that the effects of the Frankfurt stock exchange dominate those from the US market; further, news on the EU current account affect significantly all three countries under consideration. On the whole, they conclude that macroeconomic news from the "old" EU countries have very strong effects on all three "new" EU markets.
The deeper integration within Central and Eastern Europe revealed by our analysis obviously makes portfolio diversification within the region an even less effective investment strategy, and should be taken into account by institutional investors when making their investment decisions. Also, it appears that as these markets have become more mature and integrated with the rest of the EU, their sensitivity to outside developments has increased, making their own regional linkages stronger. This has important implications for the financial stability of the region in the case of crises such as the recent one originating from the developed economies, and appropriate policy responses to such types of shocks should be carefully considered by the monetary and financial authorities of the CEECs. 
